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FIELD 

lOOOll The present invetiticm relates to mefliods of pro-treating patients who are 
susceptible to ischemia with nitxoxides, in order to prevent or ameliorate the effects of 
ischemia. 

RArKOROUND 

(00021 In Western countries. Strokes are the most common cause of disabling 
nemologic damage. In general, a stroke occurs when blood and oxygen flow to the brain is 
disn^ted and brain damage results. While the onset of a stroke can be unpredictable, it is 
weU known that certain medical procedures, including various methods of treatment, present 
a significant risk of stroke. 

[00031 For example, stroke and other ischemic damage can often occur in a 
patient after treatment for an aneurysm, whether through a surgical or endovascular 
procedure. In the surgical setting, there is a clear association with ischemic brain damage and 
temporary arterial occlusion, with 26«/o of patients having evidence of stroke, as detennined 
by magnetic resonance imaging (MRI). See Fcrch et al.. J. Neurosurg. 97:836-^2. (2002). 
Likewise, endovascular . treatment of aneurysms is associated witii a significant rate of 
ischemia. Cronqvist et al.. N«*n>radio/ogv. 43:662^71 (2001); and HadjivassiUou et al.. 

JVeuw/ogv 56:1672-1677, (2001). 

[00041 Unfortunately., the prior art has primarily focused on methods of ti»atmg 
ischemia after the riiedical procedure.- having a signifi«^t risk of ischemia, has already been 
performed. Accordingly, there is a need in tiie art to prevent or ameUorate the effects of 
ischemia, by pr^treating a susceptible patient, specificaUy before performing a medical 
procedure that is associated with a significant ischemic risk. 



SUMMARY 

[00051 Certain raabodiments herein include mefliods of treatctient, including 
identifying a human patient that is susceptible to isdiemia; administering a sufficient amount 
of a nitroxide to prevmit or ameliorate a harmful efTect of ischemia in the human patient prior 
to the onset of ischemia. la specific embodiments, the nitroxide to be used with titie methods 
herein is 4-hydioxy-2^,6,6-tetramethylpiperidine-l-oxyL hi particular embodiments, the 
methods herein can be used to treat a human patient whose susceptibility to ischemia arises 
from a medical procedure associated with a significant ischemic risk. In certain 
embodiments, these medical procedures can include the treatment of a hCTiorrhage, an 
aneurysm, a particular swgery or endovascular procedure, for example. In specific 
embodiments, the nitroxide can be administered orally or intravenously. 

DETAILED DESCRIPTION < 

100061 The teachings herein generally relate to methods of pre-treating a patioit 
who is susceptible to ischCTiia with a nitroxide, in order to prevent or ameliorate the negative 
effects of ischemia. As used herein, the term '"ischeinia" generally relates to physiological 
damage resulting fipom a lack of blood and oxygen flow, and encompasses strokes. As used 
herein, the.term "stroke" relates to physiological damage resulting from a lack of blood and 
oxygen flow to the brain. 

[0007] hi certain embodiments, the methods herein can be used to prevent or 
ameliorate any negative effect of any type of ischemia, including ischemic and hemorrhagic 
strokes, for example. In an ischemic stroke, the blood supply to the brain is cut ofi^ ofim 
because atherosclerosis or a blood clot has blocked a blood vessel. Typically ischemic stroke 
results from the presence of either a thrombus or an embolus. A thrombus generally relates 
to a clot formed within a blood vessel that remains attached to its place of origin. Ih contrast, 
an embolus generally relates to an abnormal particle, circulating in the blood. A hemorrhagic 
stroke occurs when a blood vessel ruptures, typically preventing normal flow. 

[0008] In certain embodiments, the patient can be a human that has been 
identified as being susceptible to ischemia, including stroke, using any available method. 
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including the following non-exclusive list of diagnostics: con«,uted tomography (CI), 
magnetic resonance imaging (MRI. including DWI and PWl), carotid 
ultrasonography/doppler scamiing, Magnetic resonance angiography (MRA). Carotid 
angiography, chest X-ray, electrocardiography (ECG. or.EKG). echocardiography. Holter 

monitoring or tel^etry, and the like, for example. 

[0009] hi other emhodiments, susceptible patients can be identified using optical 

tomography, some methods of which are disclosed in U.S. Patent No. 6.516.214, issued to. 
Boas, which is hereby expressly hicoiporated by reference in its entirety. 

lOOlOl hi fiirther embodiments, identification of susceptible patients can be based 
on assessing one or more available risk fiictors such as age, sex. race, weight, cholesterol 
levels, blood pressure, atherosclerosis, femily history, genetic disposition, heart condxtron, 
smokmg habits, consumption of alcohol, percentage of body fat, diet, diabetes, exercise, 
lifestyle, collagen disease, previous mcidents of ischemic includmg stroke, in the patient, and 
the like, for example. 

loom hi more specific embodunents a particular patient's susceptibiUty to 
ischemia, including stroke, can be assessed using more ^ecific risk fectors mcluding the 
detection of aneurysms, coronary artery disease, mcluding. for example, occlusions, or 
blockmg of a patient's blood vessels. An occlusion can be partial or complete blockmg of 
the vessel. Obstruction in blood vessels can occur as a result of a thrombus, embolus, 
vasospasms, arteriosclemsis. and the like, for example. Arteriosclerosis generally relates to 
several diseases in which the wall of an artery becomes thicker and less elastic. The most 
common of these diseases is atherosclerosis, in which fatty material accumulates under the 
mner Unmg of the arterial wall. Any of the aboye-provided conditions can be used to 
deierinme a particular patient's susceptibiUty to ischemia, includmg stroke. 

[00121 Specific embodiments herein, mclude metiiods of administenng a 
nitroxide to a patient prior to undergomg any medical procedure with a significant risk of 
- causing a stroke or ischemia. A significant risk can include about a 1%, 2%, 3%, 4%, 5%, 
60/0 7%, 8%. 9%. 10%. 11%. 12%. 13%. 14%. 15%. 16%. 17-/o, n%, 19%, 20%, 21%, 22%. 
23% 24-/0. 25%, 26%. 27%, 28%, 29%. 30«/o. 31%. 32% .33%. 34% .35% ,36o/o, 37%, 38%, 
39% 4b«/o, 410/0, 42%. 430/0. 44o/o. 45o/o. 46-/.. 47o/o. 48%. 49o/.. 50%. 51%. 52o/o. 53o/o. 54o/.. 
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55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 
71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%> 80%, 81%, 82%, 83%, 84%, 85%, 86%, 
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, and 100% 
chance, for example. 

[0013] In other embodiments a significant risk can include medical procedures 
where there is a greater than about a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 
12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 
28%, 29%, 30%, 31%, 32% ,33%, 34% ,35% ,36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 
44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, and 99% chance of ischemia, for example. 

(0014] In certain embodiments, a nitroxide can be administered prior to the . 
following non-exclusive list of medical procedures: cardiac surg^, including bypass 
^suigery, and mitral valve surgery, carotid endarterectomy, angioplasty, craniotomy, cervical 
discectomy and corpectomy, cervical laminectomy, laiyngectomy, parathyroidectomy, 
thyroidectomy, tracheostomy,, hysterectomy, prostatectomy, urinary cystectomy, joint 
replacements (arfluroplasty) including knee, shoulder, hip, ankle, wrist, and the like, for 
exanqsle. In further embodiments, in addition , to being administered prior to a medical 
procedure, a nitroxide can also be administered after the medical procedure too. 

[OOlS] In other specific embodunents, , the methods provided herein include 
administering a nitroxide to a patient prior to undergoing surgery to treat any type of 
hemorrhage, such as a brain hemorrhage, for example. The temi **hemorrhage" typically 
refers to a discharge of blood fi'om a vessel. As used herein, the term *'brain hemorrhage" 
non-exclusively includes intracerebral hemorrhage, subarachnoid hemorrhage, subdural 
hemorrhage, epidural hemorrhage, and the like, for example. In fiirther embodiments, in 
addition to being.administered prior to surgery to treat a hemorrhage, a nitroxide can also be 
administered after surgery to treat a hemorrhage. 

[0016] The location of the particular hemorrhage will typically dictate which 
specific medical procedure a practitioner will use to treat the hemorrhage. For example. 
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treatment for a brain hemorrhage can include placing a drainage tube in the brain to release 
pressure, or surgery that isolates, blocks o£^ or supports the weakened artery walls, and the 
like. While the timing of this surgery is somewhat controversial, most neurosurgeons 
recoiiunend operating within 3 days of the start of symptocos. Typically, delaying the surgery 
10 or more days reduces the risks pf surgery but increases the chances of rebleeding in the 
interim. Certain embodiments provided herein include administering a nitroxide prior to 
conducting any of the above-described treatments for a hemorrhage. 

[0017] In certain embodiments, the methods herein can include administering a 
nitroxide to a patient prior to undergoing any treatment for any type of aneurysm. In general, 
there are two basic methods of treating aneurysms, surgical and endoyascular, both of which 
are well known in the art. A surgical procedure generally relates to an open procedure, and 
often involves a small vascular clip being placed across the neck of the anevnysm, thereby 
excluding it from the circulation. In contrast, an endovascular procedure g^erally relates to 
a closed procedure, and often involves a tiny microcatheter being navigated from the femoral 
artery in the groin into the blood vessels allowing the placement of specially designed coils 
into the dome of tKe aneurysm. Typically, these coils are packed into the aneurysm, filling up 
its volume and often preventing blood from entering. Accordingly, certain embodiments 
include methods of using . any available nitroxide prior to a • surreal or endovascular 
procedure to treat an aneurysm, for example. Specific embodiments include administering a 
nitroxide to a patient prior to undergoing any treatment for an aneurysmal subarachnoid 
hemorrhage, whether surgical or endovascular, for example. In further embodiments, in 
addition to being administered prior to surgery to treat an aneurysm, a nitroxide can also be 
administered after surgery to treat an aneurysm. 

Effects of Ischemia and Stroke 

{0018] The methods herein include the use of a nitroxide to prevent the onset of 
ischemia, or to ameliorate any effect of ischemia. Typically, ischemia, including stroke, 
resulte in the generation of free radicals which participate in killing cells. These generated 
free radicals include reactive oxygen species Q^OS), and superoxide, perhydroxyl, hydrogen 
peroxide, hydroxy!, and the like, for example. While not being Umited by any particular 
mechanism of operation, the methods herein use a nitroxide to act as an antioxidant, or an 
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ROS scavenger. Accordingly, the methods herein can prevent brai* cell and tissue damage 
resulting ftom a lack of blood and oxygen. Furthermore, the methods herein involve the use 
of a nitroxide to prevent or ameliorate the effects that accompany brain cell and tissue 
damage including, but not limited to, loss of motor skills, neurologic dysfimction. infeiction. 
formation of edemas. ceUular and sub-cellular damage, including damage to organelles and 
molecules such as DNA and RNA. and the Uke. for example. 

[00191 It is important to note that the methods provided herein can be used to 
prevent or ameUorate any type of ischemia, regardless of the particular location in the 
patient's body. For example, the methods herein can be used to prevent or ameUorate any 
effect of cardiac ischemia, myocardial ischemia, ischemia in muscle tissue, stroke, and the 
like Further embodiments involve administering a sufficient amount of nitroxide prior to a 
patient midergoing a medical , procedure associated with a significant risk of ischemia, 
includii^ stroke. 

Nttroxides 

[00201 The methods described herein are directed to the use of a nitroxide to 
prevent or ameUorate the negative effects of ischemia, including stroke, in a patient.. In 
certain embodiments, the nitroxide can be administered to a patient diat is susceptible to 
ischemia, including stioke. to specific embodiments, a patient's susceptibiUty to ischemia 
can arise through a medical procedure, including procedures to treat a brain hemorrhage or 
aneurysm, and the Uke, for example. Accordingly, specific embodiments include 
administering a prophylactic amount of a nitroxide prior to a particular medical procedure 
that involves a significant risk of ischemia, such as a procedure for treating an aneurysmal 
subarachnoid hemorrhage, for example. Other embodiments include administering a 
. prophylactic amount of a nitroxide prior to a particular medical procedure that involves a 
significant risk of ischemia and then administering a therapeutic or prophylactic amount of 
nitroxide after flie medical procedure. 

100211 As used herein the term "nitroxide" is to be construed broadly, and 
generally refers to stable firee radical compounds that are capable of reacting wifli a variety of 
biologically relevant compounds such as ftee radicals, inchiding. for example, oxy radicals. 
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In more specific embodiments, the nitroxides described herein are free radical scavengers or 
anti-oxidants. 

[0022] Generally nitroxides can prevent or ameliorate any effect of ischemia in a 
patient These effects include, but are not limited to, oxidative stress and damage caused to 
healthy cells by the formation of free radicals, including necrosis and £^optosis. 
Furthemiore, nitroxides can be used to prevent or ameliorate the effects that accompany 
ischemic brain cell and tissue damage including, but not limited to, loss of motor skills, 
neurolo^c dysfimction, infarction, fonnation of edemas, cellular and sub-cellular damage^ 
including damage to oiganelles and molecules such as DNA and RNA, and the like, for 
example. 

[00231 According to certain embodiments, the nitroxides used in the methods 
described herein can be selected from the following formulas: 



X 

[00241 Wherein X is selected from O- and OH, and R is selected from COOH, 
CONH, CN, and CH2NH2 




R 




X 



[002S]| Wherein X is selected from O- and OH, and Ri is selected from CH3 and 
spirocylohexyl, and R2 is selected fit)m C2HS and spirocyclohexyl 
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N 



100261 Wherein X is selected from O- and OH and R is selected fiom CONH. 




.100211 Wherein X is selected from O. and OH and R is selected fiom H. OH. and 

NH2 and T is selected from O. 

[00281 Other suitable nitroxides that can be used with the methods provided 
herein are found in Proctor. U.S. Patent No. 5.352.442. and Mitchell et al.. U.S. Patent No. 
5 462 946. both of which are hereby incorporated by reference in their entireties. 
' ' 100291 A non^clusive Ust of nitroxides that can be used with the methods 
described herein also include. 2^thyl-2.5,5-trimethyl.3-oxazoUdine-l^xyl (OX^NO). 
2.2.6.6-tetramethylpiperidine.i.oxyl O^O). 4.hydroxy-2;2.6.6-tetramc^ylpipendme. - 
oxyl CTEMPOL). 4-amino-2.2.6.6-tetramethyl-l-piperidinyloxy (Tempamme). 3- 
Aminomethyl-PROXYL. S-Cyano-PROXYI.. 3-Carbamoy|.PROXYI. 3^arboxy.PROXYU 

imd4-Oxo-TEMPO. . ^ 

10030] 0»e prefe^l ritioxide tt^ c«. be Med with mWhods descnbed 
is Tempol.. characterized by 4e *«nical fimn^l. A-t^^Wfi- 
te^ylpiperidin.-1-oxyl Tempol is a sttble ni«o«de radical ttat c». «=t as . iiee 



radical scavenger to prevent or ameliorate the harmful effects of ischemia, including stroke, 
in a patient 

[0031] In cotain embodiments, the above listed nitroxides can be used as a sole 
active ingredient in preventing or ameliorating any effect of ischemia in a susceptible patient. 
In otiier embodiments, the nitroxides provided above can be used with other anti-oxidants 
capable of neutralizing harmful free radicals generated by die onset of ischemia, including 
other nitroxides. Other suitable anti-oxidants that can be used in conjunction with die 
methods described herein include, but are not limited to: Vitamins A, B, C, and E, sel^um, 
isoflavones, polyphenols, carotenoids, camosines, citric acid, phenolic compounds, BHA 
(butylated hydroxyanisole), BHT (butylated hydroxytoluene), propyl gallate, TBHQ (tert- 
butyl hydroquinone), lecithins, gum or resin guiac, THBP (trihydroxybutyrophenone), 
thiodipropionic acid, diiaxiryl thiodipropionate, co-enzyme QIO, alpha-lipoic acid, 
anthocyanins, beta carotene, catechins, gii^cgo bilboa, lutien, lycopene, glutathione and 
proanthocyanidins . 

Methods of Using Compositions 

(0032] Method embodiments include die use of any liitroxide described herein to 
prevent or ameliorate a negative effect in a patient resulting from ischemia. As used herein, 
the term "patient" generally relates to a human. Li general, the term ''prevenf* generally 
relates to reducing the risk of ischemia occurring, completely preventing ischemia from 
occurring, and/or preventing die negative effects of ischemia, including stroke. In gmeral, 
the. term ^'ameliorate*' relates to treating and/or minimizing the damage resulting from 
ischemia, hi other embodiments, the terms ''prevent'' and ''ameliorate" relate to an improved 
outcome and/or a delay of ischemia, as compared to outcomes expected or obtained in the 
absence of using the methods described herein. 

[00331 The terms "negative effect" and "effedf' are to be broadly constraed, and 
relate to any damaging event in a patient resulting, directly or indirectly, from ischemia. 
These effects can include, for example, oxidative stress, necrosis, apoptosis, loss of motor 
skills, neurologic dysfimction, infarction, formation of edemas, cellular and sub-pellular 
damage, including damage to organelles, DNA and RNA, and the like, for example. In 
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certain embodiments, the methods herein can be used prior to any currently available medical 
procedure having a significant risk of causing ischemia. In other embodhnents. the methods 
herein can be used in conjunction with medical procedures, having a significant risk of 
ischemia, that will be developed in the fiiture. 

[00341 Method embodiments include using any nitroxide, such as those expressly 
described herein, on a patient who is susceptible to ischemia, including stroke, such as a 
patient who will be undergoing a medical procedure with a significant risk of ischemia, 
including stroke. In some embodiments, nitroxide, can be applied to a patient about 24. 23, 
22, 21. 20. 19. 18. 17. 16. 15. U. 13. 12. 11. 10. 9. 8. 7. 6. 5. 4, 3, or 2 hours before the 
patient undergoes a medical procedure with associated with a significant risk of ischemia, 
including stroke, hi other embodiments, a nitroxide can be applied to a patient about 119. 
118. 117. 116. 115. 110. 105. 100, 95. 90. 85. 80. 75. 70i 65. 60, 55. 50. 45, 40. 35, 30. 29. 
28. 27. 26. 25, 24, 23. 22. 21. 20. 19. 18. 17. 16. 15. 14. 13. 12. 11. 10. 9. 8. 7. 6, 5. 4, 3. or 2 
minutes before the patient undergoes a medical procedure associated with a significant risk of 
ischemia, indudir^ stroke, hi other embodiments, a nitroxide can be applied to a patient 
about 119. 118. 117. 116. 115. 110. 105. 100. 95. 90. 85. 80. 75. 70. 65. 60. 55. 50. 45. 40. 
35. 30, 29. 28, 27, 26. 25. 24. 23. 22. 21. 20. 19, 18. U. 16. 15. 14. 13. 12, 1 1, 10. 9, 8. 7. 6. 
5. 4. 3. or 2 seconds before the patient undergoes a medical procedure associated with a 
significant risk of ischemia, including stroke. 

[0035] In other embodiments, the nitroxides provided herem can be appUed on a 
regular basis, to a patient who has been identified as being susceptible to ischemia, including 
. stroke, based on any available method of identification, including assessing ope or more 

relevant risk factors, for example. 

[00361 Nitroxides. can be administered to a patient accordmg to any available 
method, including oraUy, topically, or parenteraUy. for example, by injection. Oral 
administration can be m the form of tablets, solution, syrup, gel capsules, and the like, for 
example. Injection can be subcutaneous, mtravenous. or by intramuscular injection, and the 
like, for example. 

[00371 Any dose of a particular nitroxide that is capable of preventing or 
ameUorating the effects of ischemia, including stroke, can be used with the methods 
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described herein. In certain embodiments, the nitroxide can be used at a dose of about 1. 1.5. 

2 2 5 3 3.25. 3.5. 3.75. 4. 4.25. 4.5. 4.75, 5, 5.25, 5.5. 5.75. 6, 6.25, 6.5. 6.75, 7, 7.25 7.5, 

7.75. 8. 8.25. 8.5, 8.75. 9, 9.1. 9.2. 9.3. 9.4. 9.5. 9.6. 9.7. 9.8. 9.9 and 10 mg/kg. for example. 

In other embodiments the dose of the nitroxide can be about, 10.5. 11, 11.5, 12, 12.5, 13, 
13 5 14 14.5, 15, 20. 25, 30. 35. 40. 45, 50. 55, 60, 65. 70. 75. 80. 85, 90, 95, 100, 105. 110, 
115*120 125, 130, 135. 140. 145. 150. 155. 160, 165. 170, 175. 180. 185, 190, 195. 200, 
205', 210, 215, 220. 225. 230. 235, 240, 245. 250. 255, 260, 265. 270. 275. 280. 285. 290. 

295, and 300 mg/kg. for example. 

(00381 ha some embodiments, the nitroxide can be administered in 1, 2, 3, 4, 5. 6, 
7. 8. 9 or 10 doses prior to a medical procedure associated with a significant risk of ischemia, 
fa other embodiments, the nitroxide can be administered about 1, 2. 3. 4, 5. 6. 7. 8, 9, or 
about 10 tunes daily. Specific embodiments include regular (e.g.. monthly, twice monthly, 
weekly, twice weddy. thrice weekly, daily, t^yice daily, thrice daily) admmistration to a 
patient who is susceptible to ischemia, including stroke, m other embodiments, the nitroxide 
can be administered after about one or two tunes the half life of the nitroxide, for exan^le. 

rharacteristics of Nitr" ^^'^'^ Vomrmlarions 

[00391 A nitroxide to be used with the melhods provided herein, can be 
incorporated into any suitable formulation or be used alone. The particular nitroxide 
formulation to be used herem will depend on the intended method of admmistration, whether 
the mode of administration is oral, parenteral, including injection, or topical, and the like..for 
example, hi certain embodiments, a nitroxide can be administered in the form of a 
phamiaceutical composition m combination with phannaceutically acceptable carriers or 
excipients. the proportion and nature of which can be detemiined by the solubility and 
chemical properties of &e nitroxide selected, the chosen route of administration, and standard 
pharmaceutical practice, hi other embodhnents, the nitroxides described herein, while 
effective themselves, can be formulated and administered in the - form of their 
phamiaceutically acceptable salts, such as for example, acid addition salts, for purposes of 
stabiUty, convenieiice of crystalUzation, increased solubility and the like. 



[0040] A nitroxide utilized in accordance with the teachings herein can be 
administered in any form or mode which makes the nitroxide bioavailable» including oral, 
parenteral, and topical routes, and the like, for example. A non-exclusive list of 
administration routes include, oral, subcutaneous, intramuscular, intravenous, transdermal, 
intranasal, rectal, topical, and the like, for example. One skilled in the art of preparing 
formulations can readily select the proper form and mode of administration dq>ending upon 
the paiticidar characteristics of &e nitroxide selected, after assessing the relevant 
drcumstances. 

(0041] In certain embodiments, nitroxide can include a carri^ or one or more 
excipients. In more specific embodiments, the carrier or'excipient can be a solid, semi-solid, 
or liquid material which can serve as a vehicle or medium for the nitroxide. Suitable carriers 
or excipients are well known in the art. Sa further embodiments, a nitroxide can be adapted 
for oral, parenteral, or topical use and . can be administered to the patient in the form of 
tablets, capsules, suppositories, solution, suspensions, or the like. 

. [0042] In certain embodiments, a nitroxide can be administered orally, for 
example, with an inert diluent or with an edible carrier. In other embodiments, a nitroxide 
can be enclosed in a gelatin capsule or compressed into a tablet. For certain embodiments 
directed to oral administration, a nitroxide can be incorporated with ^cipients and used in 
Hxe form of tablets, troches, capsules, elixirs, suspCTsipi^, synips, wafers, chewing gums and 
the like. 

[0043] ; In other embodiments, nitroxide-containing tablets, pills, c^)sules, troches 
and the like can also include adjuvants typically utiUzed in the preparation of 
pharmaceuticals. For example, they, can include one or more of the following adjuvants: 
binders such as microcrystalline cellulose, gum tragacanth or gelatin; excipients such as 
starch or lactose, disintegrating agents such as alginic acid, com starch and the like; 
lubricants such as magnesimn stearate or zinc stearate; gUdants such as colloidal silicon 
dioxide; and sweetening agents such as sucrose or saccharin can be added or a flavoring 
agent, such as peppermint, methyl salicylate or orange flavoring, for example. When the 
dosage unit form is a c^sule, it can contain, in addition to materials described above, a liquid 
carrier such as polyethylene glycol or a fatty oil, and the like, for example. 
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[OM^} In other embodiments, the dosage unit forms can contain other nriaterials 
which modify the physical form of the dosage unit, for example^, as coatings. Thus, tablets or' 
pills can be coated with sugar, shellac, or other enteric coating agents. In other embodiments, 
nitroxide-containing syrup can include a sweetening s^gent, such as sucrose, and certain 
preservatives, dyes and colorings and flavors, and the like, for example. 

IWHS] la certain embodiments, the nitroxides to be used with the methods 
described herein, are solutes dissolved in a suitable solvent. In other embodunents, the 
nitroxides to be used with tihie methods described herein can be in the form of a dispersion, 
suspension, liquid, thickened liquid, gel, or emulsion, for example. In additional 
embodimfflts, the nitroxide formulations are in the fomi of a cream, lotion, ointment and the 
like. Detail on how to prepare the above formulations is provided in Remington's 
Pharmaceutical Sciences, 18^^ ed. 1990, which is hereby incorporated by reference in its 
entirety. 

[0046] In further embodiments, nitroxide solutions or suspensions used for 
parenteral, intradermal, or subcutaneous application may include a sterile diluent such as 
water for injection, a saline solution, a fixed oil, a polyethylene glycol, glycerine, propylene 
glycol, other synthetic solvents, an antibacterial agent, such as benzyl alcohol or methyl 
parabra, an antioxidant such as ascorbic acid or sodium bisulfite, a chelating agent such as 
ethylenediaminetetraacetic acid, a bufifer such as an acetate, citrate or phosphate and an agent 
for the adjustment of tonicity such as sodium chloride or dextrose^ and the like, for example, 
hi fiiriher onbodiments, the pH may be adjusted with acids or bases» such as hydrochloric 
acid or sodium hydroxide. Parenteral preparations may be enclosed in ampoules, syringes, 
multiple dose vials made of glass or plastic, and the like, for example. 

[0047] Phaimaceutieal compositions suitable for iiyectioia include sterile aqueous 
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile 
injectable solutions, dispersions, and the. like, for example. For intravenous administration, 
suitable carriers include physiological saline, bacteriostatic water, Cremophor ELTM (BASF, 
Parsippany, N.J.), phosphate buffered saline (PBS), and the like, for example. In other 
embodiments, the carrier can be a solvent or dispersion medium containing water, an alcohol 
such as ethanol, a polyol such as glycerol, propylene glycol, and liquid polyethylene glycol. 
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suitable mixtures thereof^ and the like, for example. In certain embodiments, these 
pharmaceutical compositions are fluid to the extent that easy syringability exists. The proper 
fluidity may be maintained by the use of a coating such as lecithin, or by the use of 
sur&ctants, and the like, for example. la more particular embodiments, pharmaceutical 
compositions for injection are preserved against the contaminating action of microorganisms, 
such as bacteria, fungi, and the like. Prevention of the action of microorganisms may be 
achieved by various antibacterial and antifungal agent3 such as parabens, chlorobutanol, 
phenol, ascorbic acid, thimerosal, and the like, for example. In certain embodiments, isotonic 
agents such as sug^, polyalcohols such as manitol, soibitol, sodium chloride can be used in 
the nitroxide containing composition. Prolonged absotption of the injectable compositions 
may be brought about by including an agent which delays absorption such as aluminum 
monostearate» gelatin, and the like, for example. 

10048] Injectable solutions, to be used with the methods herein, can be pr^ared 
by any available processes known in the art. Detail on how to prepare injectable solutions is 
provided in Remington's Pharaiaceutical Sciences, 18* ed. 1990, which is hereby 
incorporated by reference in its entirety. In some embodiments, injectable solutions can be 
prepared by incorporating nitroxide in the desired amount in an appropriate solvent alone, or 
with one or more additional ingredients enumerated herein, or known in the art In further 
CTibodiments, the solution can be filtered sterilized aft^ dissolving the nitroxide. 

[0049] In other embodiments, nitroxide containing dispersions can be prepared 
iuxx)rding to any available process. Detail on how tp prepare injectable dispersions is 
provided • in' Remington's Pharmaceutical Sciences, 18^ ed. 1990, which is hereby 
incorporated by reference in its entirety. - In certain embodiments, injectable disp^sions can 
be prepared by incorporating nitroxide into a sterile vehicle containing a basic dispersion 
medium, alone, or with one or more additional ingredients, such as those provided herein or 
known in the art, for example. 

Suitable Solvents for Nitroxides 

[0050] Nitroxides, such as Tempol, are readably soluble in aqueous solutions. In 
some embodiments, a nitroxide can be dissolved in a solvent and prepared into a formulation 
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including gels, thickened Uquids. liquids, and the like. Those skUled in the art will readily 
appreciate that any water miscible liquid, at appropriate levels, can be used as a solvent, 
including, but not limited to, glycerin, PEG's, polysorbates. and the like. 

[00511 The following is a non-exclusive list of solvents that can be used for 
nitroxides: water, urea, alcohols and glycols. Any alcohol capable of dissolving nitioxides 
can be used in the formulations and methods described herein; examples include methanol, 
ethanol. propanol. butanol and the like. Likewise, any glycol capable of dissolving nitroxides 
can be used in the formulations and methods described herein; examples include ethylene 
glycol, propylene glycol and the like. In one preferred embodiment, the solvent not only 
dissolves the nitioxide, but also feciUtates transdermal deUvery. Thus, transdermal-delivery- 
faciUtating agents, particular those that dismpt or solubilize components of the stratum 
comeum. are particularly preferred. In other embodiments, various alcohols that facilitate 
penetration of nitroxides int« the skin can be used with the methods herein. Additional 
embodiments include available transdemud enhancers that allow for systemic treatment of a 
patioit. 

[00S21 In certain embodiments of the invention, the concentration of the active 
ingredient, a nitroxide, can be at a concentration level at or near its solubiUty limit For 
example a nitroxide can be about 80%, 81%. 82%, 83%. 84%. 85%, 86%. 87o/o, 88%. 89%.. 
90«/o, 91%. 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99% and 100% of saturation in the 
solution. Embodiments also include formulations where a nitroxide is soluble enough in the 
solvent to promote its release at the desired rate upon application to the treated area. AU of 
the above described solvents can be used, with the solutions described herein, including gels, 
thickened liquids and liqiuds and the like. 

Other Metb^Hft tn Prevent or Ameliorate tha Hffecte of Ischemia and Stroke. 

100531 Iri some embodiments, the methods described herein include using a 
nitroxide in conjiinction vwth bne or more additional types of treatment to prevent or 
ameUorate the eflEects of ischemia, including stroke. The additional types of treatment can be 
applied etther before, during, or after the onset of ischemia, including stroke. Additional 
treatments to be used in conjunction witti nitroxides non-exclusively include administering 
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oxygen intravenous fluids, nourishmeat, anticoagulants, such as heparin, drugs that break up 
clots such as streptokinase or tissue plasminogen activator, anti-swelling drugs such as 
mannitol or corticosteroids, anti-platelet drugs such as aspirin, clopidogrel bisulfete, and 
aspirin with dipyridamole, anti-hypertensive agents, such as labetalol and enalapril. and the 
like for example. Additional treatments can also include medical procedures, such as 
surreal removal of blockages (e.g.. endarterectomy) and angioplasty, and the like, for 

example. . 
[00541 The following example is provided for illustrative purposes only and is not 

to be construed as limiting upon flie teachings herein. 

F.yAMPLEI 

1005S1 • This example describes a clinical Stiidy to determine the effect of Tempol 
on the prevention of cerebral ischemia during- treatincnt of aneurysms in human patients tiiat 
have bled. Patients, having suffered aneurysmal subarachnoid hemorrhaging, undergo 
magnetic resommce imaging (MRI-DWI) to count the mmiber of infarcts and measure their 
size Either 1-300 mg/kg of Tempol or a placebo arc orally administered to the human 
patients. Patients undergo treatinent for subarachnoid hemorriiaging (e.g.. surgical or 
endovascular). After surgery. 1-300 mg/kg of Tempol or a placebo are orally administered to 
the patients. 1-3 days post-treatment, follow up MRI-DWI is used to count and measure the 
size of infarcts. The number and size of die infarcts is also measured 6 weeks post-ticatment 
using MRI-DWL Results should show tiiat patients who are given Tempol prior to and after 
treatinent for aneurysmal subarachnoid hemorriiaging have fewer and smaller sized infarcts 
than patients who only receive placebos. 

TncoTporati "" V>y T^eference 

100561 All references cited her6in, including patents, patent applications, papers, 
text books, and tiie like, and the references cited therein, to the extent tiiat ttiey arc not 
already, are hereby expressly incorporated herein by reference m tiieir entireties. 
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Equivalents 

[0057] The foregoing description and Example detail certain prefenred 
.embodiments of the teachings herein and describes the best mode contemplated by the 
inventors. It will be appreciated, however, tiiat no matter how detailed the foregoing may 
appear in text, the mettiods of using a nitroxide to prevent or ameliorate the effects of a 
ischemia, including stroke, can be practiced in many ways and the teachings herein should be 
construed in accordance with the appended claims and any equivalents thereof. The 
foregoing written specification is considered to be sufficient to eatiable one skilled in the art to 
practice the ^bodiments described herein. 
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WHAT IS CLAIMED IS: 

1 . A method of treatment, comprising: 

identifying a human patient that is susceptible to ischemia; 
administering a sufficient amount of a nitroxide to prevent a harmful effect of 
ischemia in the human patient prior to the onset of ischemia. 

2. The niethod of Claim 1, wherein the nitroxide is 4-hydroxy-2,2,6,6- 
tetramethylpiperidine-1 -oxyl. 

3. The method of Claim 1, wherein the human patient's susceptibility to a 
ischCTiia arises from a medical procedure associated with a significant ischemic risk. 

4. The method of Claim 3, wherein the medical procedure is the treatment of a 
hemorrhage. 

5. The method of Claim 3, wherein the medical procedure is the treatment of an 
aneurysm. 

6. The method of Claim S, wherein the medical procedure is surgery. . 

7. The method of Claim 5, wherein the medical procedure is an radovascular 
procedure. 

8. The method of Claim 1, wherein the mode of nitroxide administration is 
selected from the group consisting of oral and intravenous administration. 

9. A method of treatment comprising: 

identifying a patient scheduled to undergo a medical procedure involving a 
significant risk of ischemia; 

administering to the patient, prior to the medical procedure, a prophylactic 
amount of nitroxide; 

performing the medical procedure; 

administering to the patient, a prophylactic or therapeutic amount of nitroxide 
to ameliorate a harmfiil effect of ischemia. 

10. The method of Claim 9, wherein the nitroxide is 4-hydroxy-2,2,6,6- 
t^tramethylpiperidine-l-oxyl. 
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11. The mefhod of Claim 9, wherein the medical procedure is the treatment of a 
hemorrhage. 

12. The method of Claim 9, wherein the medical procedure is the treatment of an 
aneurysm. 

13. The method of Claim 9, wherein the medical procedure is surgeiy. 

14. The method of Claim 9, wherein the medical procedure is an endovascular 
procedure. 

15. The method of Claim 9, wherein &e mode of nitroxide administration is 
selected from the group consisting of oral and intravenous administration. 



PROPHYLACTIC PRETREATMENT WITH ANTIOXIDANTS 

Abstract of the Disclosure • 
Methods of pre-treating patients who are susceptible to ischemia,- including stroke, 
with nitroxides, in order to prevent or ameliorate the effects of stroke. 
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